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M.  BERGER.  AFOSR  TECHNICAL  REPORT 

Under  the  grant  listed  above.  I  made  a  number  of  fundamental  discoveries 
concerning  vortex  cores  and  vortex  breakdown.  My  work  on  vortex  breakdown  is 
summarized  in  papers  (i)  and  (ii)  listed  below.  I  found  that  bifurcation  processes  of  a 
mathematical  nature  are  fundamental  in  understanding  the  two  kinds  of  v  ortex 
breakdown  —  of  “bubble"  type  and  of  "spiral"  type.  In  addition,  I  found  mathematical 
procedure,  using  the  calculus  ?f  vcrhtions,  to  analyze  axisymmetric  vortex  motion  with 
swirl  and  helical  vortex  motion.  The  work  on  helical  motion  is  described  in  paper  (viii) 
listed  below,  and  the  work  on  axisymmetric  vortices  with  swirl  is  in  preliminary  form, 
described  in  paper  (xii)  below. 

In  addition  I  found  new  fundamental  advances  in  nonlinear  dynaainics  of 
Hamiltonian  systems,  concerning  quasiperiodic  and  almost  periodic  motion.  A  simple 
example  would  be  the  forced  Duffing  equation  and  related  higher  dimensional  systems. 
My  idea  focuses  on  large  amplitude  oscillation  where  the  magnitude  of  forcing  H(t)  is 
large.  If  H(t)  is  quasiperiodic  with  given  frequencies,  one  wishes  to  know  if  an 
observed  stable  oscillation  exists  with  the  same  frequencies.  The  conventional  KAM 
theory  breaks  down  in  this  case,  but  I  was  able  to  establish  that  indeed  the  desired 
oscillation  does  appear  and  is  stable.  The  next  case  involves  the  behavior  when  the 
forcing  H(t)  is  large  and  almost  periodic  with  given  frequencies.  Indeed,  in  this  case  I 
found  that  a  stable,  almost  periodic  motion  with  aiven  frequencies  does  exist.  This 
result  is  quite  contrary  to  the  ideas  of  Hamilton.^.  <  r  aos,  that  have  little  mathematical 
basis. 


I  also  did  preliminary  work  on  the  ’leapfrogging"  phenomenon  associated  with 
inviscid  vortex  rings.  This  idea  is  very  basic  in  nonlinear  dynamics,  related  to  the 
interaction  of  soliton-like  figures.  In  this  case,  I  found  that  in  the  case  of  vortex 
filaments,  that  a  relative  periodic  motion  called  leapfrogging  b  etween  the  two  coaxial 
vortex  rings  is  present.  This  paper  appears  in  (iv)  listed  below.  The  extension  to 
thickened  vortex  rings  is  in  preparation  but  is  based  on  a  technical  work  described  in 
paper  (iii) 


In  addition  to  ail  these  research  papers.  I  have  completed  a  book  on  nonlinear 
dynamics  of  vortices,  and  other  related  topics  that  is  desr<\bed  in  the  listing  belov.  It 
should  appear  vithin  a  year,  and  will  be  the  first  of  its  kind  in  the  scientific  literature 
It  is  accessible  to  a  broad  class  of  scientifically  trained  scientists  and  researchers. 


